
Quantitative Risk Analysis

Introduction/Overview




Quantitative Risk Analysis Fundamentals
· To provide an overall assessment about whether the project is likely to achieve its objectives when all risks are considered simultaneously. 
· Quantitative risk analysis uses probability distributions to represent the uncertainty usually present in such measures of the project as the cost of a line-item in the cost breakdown structure or the duration of an activity in the project schedule.  Since the inputs are uncertain, so are the outputs such as total project cost or completion date are also best viewed as probability distributions.

· Quantitative risk analysis commonly uses the methods of Monte Carlo simulation of project cost models and project schedules to estimate the probability of alternative project costs or dates if no further risk handling is performed. 

Risk Handling > Introduction/Overview

The discussion of Quantitative Risk Analysis presumes that the prior steps (Planning and Identification) are completed.  It is best to conduct Quantitative Risk Analysis after Risk Assessment, including prioritization of risks, so that all major risks can be included. 

Quantitative Risk Analysis is always recommended for large, complex or visible projects and may be tailored to smaller projects as necessary.  Quantitative Risk Analysis is typically performed to examine the viability of the project cost or time objectives.  Other quantitative methods are used to examine key project decisions in the presence of uncertainty include Decision Tree Analysis.

Quantitative Risk Analysis provides answers to three questions that cannot be addressed with deterministic project management methodologies such as traditional cost estimating or project scheduling:

· What is the probability of meeting the project objective, given all known and quantified risks? 

· How much could the overrun or delay be, and therefore how much contingency do we need for the organization’s desired level of certainty? 

· Where in the project is the most risk, given the model of the project and the totality of all identified and quantified risks?

Qualitative Risk Analysis, a major part of Risk Assessment, addresses the last of these questions but cannot estimate the total project risk since it examines each risk one at a time.  The contribution of Quantitative Risk Analysis is that it evaluates the risk to the project’s total cost or ultimate completion date and major milestones by examining all risks simultaneously within a model of the project (e.g., the cost estimate or schedule). 

Quantitative Risk Analysis: The Basic Questions – What & Who

What is Quantitative Risk Analysis?
Quantitative Risk Analysis evaluates the implications for the total project cost or schedule objectives of all identified and quantified risks considered together within the models of those objectives; project cost estimate or model for total cost, and the critical path method (CPM) schedule for time.  

The inputs to a risk analysis, beyond the models just mentioned, are probability distributions of element costs or activity durations.  The probability distributions are usually continuous distributions of possible values of the cost element or activity duration, developed through intensive interviews and examination of past performance.  The typical input is developed using a 3-point estimate, in which the cost or duration is represented by the most optimistic (lowest, best) value it could take on, the most likely value for this project, and the pessimistic (highest, worst) value.  Distributions commonly used include the triangular, beta, uniform, normal, or other distributions.

The method used most often in Quantitative Risk Analysis is Monte Carlo simulation of the cost model or schedule.  Monte Carlo simulation is a 50-year old method that combines the distributions according to the relationships in the models by trying many combinations of costs or durations and storing the results for display.  The outputs are often graphs of probability distributions or cumulative probability distributions of total cost or dates of completion.  Other outputs include lists of cost elements that contain the greatest risk (highest contribution to contingency to the mean of the total cost) or schedule activities (activities on the critical paths in the greatest number of iterations during simulation).

The main issues in Quantitative Risk Analysis include: (1) the integrity of the project model – this applies mostly to the project schedule, which needs robust logic that produces the correct dates and critical path when durations change, and (2) the realism of the 3-point estimates.  The first issue, integrity of the model, requires a careful line-by-line debugging of the model logic so any duration risks are properly transmitted to subsequent activities in the project.  The second, realistic 3-point estimates, is achieved in sometimes intense interviews of project participants and other subject matter experts.  Data gathering encounters personal and institutional biases that are the responsibility of the risk analyst to identify and replace with unbiased data.

Quantitative risk analysis usually occurs after Risk Identification and Qualitative Risk Analysis (risk prioritization after identification of risks).  One reason for this phasing is that it is important to include all main project risks in the model of the project’s cost and schedule.  Often high-priority risks are not included in the schedule, for instance, and activities have to be added before data gathering and simulation. If organizations will want to conduct a Quantitative Risk Analysis without performing the precursor processes, the identification and prioritization must be conducted as part of the Quantitative Risk Analysis.

Project risk analysis is a strategic analysis that will help manage the project.  Quantitative Risk Analysis uses the cost and time models at a strategic level, not at a detailed daily-management level.  For instance, contractors’ project schedules are often very detailed and can become quite large, with thousands of activities.  This is too much detail for three reasons: (1) it is usually impossible to debug the logic of such large schedules, and the schedule will need to be examined and most likely improved to be suitable for simulation, (2) data gathering is impractical on thousands of activities, and even some selection of the most risky activities will result in several hundred activities and an impractical data gathering exercise, and (3) the process of simulation will understate the risk with many short activities that are not correlated.  For these reasons, an intermediate-level schedule is best for a Quantitative Risk Analysis of time.  Cost models usually have subtotals and detail underneath them, and they do not often include a structure, so a risk analysis can naturally be conducted at a summary level of the subtotals, evaluating the risk adequately with feasible data gathering activities.

What is the goal of Quantitative Risk Analysis?
Quantitative Risk Analysis provides answers to three questions that cannot be addressed with deterministic project management methodologies such as traditional (single-point estimates traditionally used) cost estimating or project scheduling:

· What is the probability of meeting the project objective, given all known and quantified risks? 

· How much could the overrun or delay be, and therefore how much contingency do we need for the organization’s desired level of certainty? 

· Where in the project is the most risk, given the model of the project and the totality of all identified and quantified risks?

Qualitative Risk Analysis, a major part of Risk Assessment, addresses the last of these questions but cannot estimate the total project risk since it examines each risk one at a time.  The contribution of Quantitative Risk Analysis is that it evaluates the risk to the project’s total cost or ultimate completion date and major milestones by examining all risks simultaneously within a model of the project (e.g., the cost estimate or schedule). This cannot be accomplished using Qualitative Risk Analysis, which considers each risk one at a time.

The overall goal of Quantitative Risk Analysis, indeed of Risk Identification and Qualitative Risk Analysis, is to look forward and provide the project manager and customer or sponsor with a “heads-up” about: (1) whether the overall project objectives are sufficiently in jeopardy to warrant handling risks, and (2) about important risks before they occur, enabling them to develop risk handling actions that mitigate threats or capture opportunities to make the project better.  One difficulty in achieving this goal occurs because early in the project, when the project may be able to take advantage of risk handling the data on risk, and particularly the models needed for Quantitative Risk Analysis, are not available. When the cost estimates and schedules are more fully developed and data are better known, the flexibility and power to affect the project with handling options becomes restricted because more decisions have been made.  At some point, during project execution, the main goal of Quantitative Risk Analysis of cost or schedule is to provide accurate estimates of where the project will come out.

Who performs Quantitative Risk Analysis?
The IPTs (or other organizational element or person) that assess the risk should be the primary agents to identify and evaluate total project risk and to propose to the Risk Manager/ Board (PM, PM Team, or delegated body) whether risk handling is required to improve the probability of achieving project objectives to acceptable levels. However, it is always acceptable to request help from others with risk management experience or specific domain expertise.  In Quantitative Risk Analysis, there may be some organizational assets (e.g., in a project management office) that are specialists in running certain software packages that implement Monte Carlo Simulation and in conducting risk interviews.  

What Additional Quantitative Risk Analysis Can Be Done?

Quantitative Risk Analysis often includes Decision Tree Analysis, which improves the organization’s ability to make the right decision when the implications of different decisions cannot be foretold with certainty.  Decision Tree Analysis involves: (1) specifying all the factors and implications of a decision, the costs and benefits of making those decisions and the probabilities associated with uncertain scenarios or results that have an impact on the decision and its outcome.  Decision Tree Analysis then computes expected monetary value (either cost or profit) or expected utility to the organization of the alternatives available.  The organization uses the results to make decisions when uncertainty is present.

Getting Started: Expected Inputs and Sources of Information

How do I begin the Quantitative Risk Analysis process?

Quantitative Risk Analysis begins with the identification of the objective to be modeled.  For the cost objective, a clear decision is needed about which cost estimate is the one being analyzed, and which cost totals are of interest.  For the schedule risk analysis the starting point is the schedule that is being evaluated.  Which version of the schedule is the one to be used, and which activities or milestones are of interest to management.

The next steps involve evaluating the cost estimate and schedule for completeness and / or logical errors.  Evaluation of the cost estimate is usually straightforward.  Evaluation of the schedule is more difficult, since most schedules contain logic that will not transmit risks to the rest of the schedule if durations change because of dangling activities (activities without logic tied to their completion.)  Other issues in scheduling become important when the schedule is to be simulated. These issues include completeness, believability of the critical path and total floats, improper use of fixed lags and constraints, and the usual absence of consideration of resources needed to accomplish the activities.

The next step is to identify those who will be interviewed for the risk ranges generally the 3-point estimates) for the cost elements or schedule activities.  Stetting up interviews usually takes longer than anyone expects, and making sure that people come into the interviews without bias is almost impossible to achieve in practice.  

What are the inputs to Quantitative Risk Analysis?

Risk ranges (3-point estimates) for the cost of cost elements or duration of schedule activities are the basic data for a Quantitative Risk Analysis.  It is important to get the widest extreme estimates of the pessimistic and the optimistic ranges that are possible for the activity or cost element.  Interviewees generally underestimate those extreme ranges when they are inexperienced in Quantitative Risk Analysis, and interviewers need to be as comfortable as possible that their ranges are properly extreme for each risky element.  The most likely point in the 3-point estimate is often not the estimate in the baseline cost or schedule, so it is important to explore for each cost or schedule element the most likely value.

Other data are inputs to the Quantitative Risk Analysis.  Correlation between cost elements or activity durations can be important in spreading the results or making them narrower and positive correlation is important in many aerospace programs.  Correlation between values of element costs or activity durations is a difficult concept for interviewees to master unless they have been involved in a risk analysis before.  The correlation coefficients (-1.0 < = correlation coefficient => 1.0) installed in a project model make up a correlation coefficient matrix, and the matrix has to be feasible as a system.  Happily, simulation software performs the Eigenvalue test that checks for matrix consistency.

Another important input is the probability of failure of an event, often a test.  This input is required in developing probabilistic branching in schedule risk analysis (more than cost risk analysis).  Calibrating the probability of failing a test is not easy for people who are inexperienced in quantitative risk analysis.

What Quantitative Risk Analysis information will I get from the Risk Management Plan?
The Risk Management Plan describes how Risk Management tasks – risk identification, qualitative/ quantitative analysis and prioritization, risk handling/ response planning, and monitoring/ reporting – will be structured and performed during the program lifecycle. The Quantitative Risk Analysis section should provide the information necessary to begin the process of analyzing the cost and schedule risk.  It will discuss the methods used, the level of detail to be considered, the software preferred, the frequency of conducting the analysis (e.g., before which control gate reviews?), who should be interviewed and who will perform the tasks (e.g., people on the project, people from a project management office, external consultants)

Getting it Done: Task Descriptions and HOW – Methods, Tools, Techniques

What tools or techniques can I use in Risk Handling?
Quantitative Risk Analysis requires modeling, data collection and simulation (perhaps solving decision trees as well).

Modeling techniques are standard project management techniques, but they need to be consistent with the methods applied in Quantitative Risk Analysis

· Critical path method (CPM) scheduling is the standard way to schedule projects.  For project scheduling to be effective, CPM methods must be understood and practiced as a matter of course.  Unfortunately scheduling is not easy, and most schedulers do not know how to make a schedule that computes the correct dates and critical path when durations change. This is sometimes called “dynamic scheduling.”  Often, schedules are more pictures compiled in scheduling software than models that hang together by logic and durations.  

· Cost estimates are often just the WBS or cost breakdown structure (CBS) listing of elements and summing them up.  Occasionally the cost model includes parametric equations (parametric estimation) or other sub-models of how the costs are generated.  These models are more straightforward than CPM schedules.

Data collection methods generally revolve around the “risk interview.”  The risk interview is a process in which the risk analyst or an expert facilitator is in the room with several people who have specialized knowledge of a specific portion of the project.  These people will probably be project participants but they may include someone outside the project with specialized knowledge.  The issues in the risk interview revolve around biases in the participants:

· Motivational bias is present when a person or an organization wants to steer the inputs and hence the results in a particular direction.  Often the project participants, team leaders and project manager want the project to “look good” (that is to show very little risk, no matter whether there is risk or not).  Biasing the inputs to bias the results is common, and the risk interviewer needs to recognize this bias and look for other, less biased, sources of the same data.

· Cognitive bias is present in most people who have not participated in a risk analysis before.  This usually leads to underestimating the true extreme ranges of optimistic and pessimistic values.  It also may lead to adopting the baseline estimate as the most likely in the face of evidence to the contrary.  The risk interviewer needs to bring these people into the risk analysis by continuing to challenge their data.  Most people will learn in the space of an hour or two if they do not have motivational bias.

Simulation tools are required to conduct Monte Carlo simulation. There are two such types of tools:

· Simulation tools that add in to spreadsheets are generally used for quantitative cost risk analysis because cost estimates are usually expressed in a spreadsheet.  The spreadsheet used is often Microsoft Excel and there are at least two popular tools that can simulate Excel. These tools are general and powerful, and can simulate any model that can be constructed in a spreadsheet.   They allow different types of probability distributions and accommodate correlated variables.  Probabilistic branching can be performed as well.

· Simulation tools that add in to project schedules or read project scheduling packages databases are generally used to conduct schedule risk analysis.  These tools are specific to the scheduling software that is being used.  There are simulation packages that add into or read databases for some of the most common scheduling software.  Some scheduling software cannot be simulated and its schedule must be read into a another scheduling program, with the associated difficulties of making sure the schedule is correct after it is translated into the receiving program

What are some of the tasks involved in Quantitative Risk Analysis?
Quantitative Risk Analysis involves the tasks of modeling, data collecting, simulation and results review. Shown below are these steps applied to a simple, example schedule:

The schedule is a simple one with two components designed, manufactured and tested, then integrated into a system and tested again before delivery, scheduled for 2/7. 
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IDTask NameDuration

1Project160 d

2 Start0 d

3 Unit 193 d

4 Design Unit 128 d

5 Build Unit 140 d

6 Test Unit 125 d

7 Unit 295 d

8 Design Unit 230 d

9 Build Unit 240 d

10 Test Unit 225 d

11 Integration65 d

12 Integrate Units 1 & 240 d

13 Test System25 d

14 Finish0 d
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The data inputs are the 3-point estimates.  They are for the remaining duration since there cannot be risk on actual progress in the past.  However, this project is all in the future, so most likely remaining duration is the original duration.
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IDTask NameRept IDMin RdurML RdurMax RdurCurveBranch DefBranch IDProb Fixed

1Project20 d0 d0 d0 $0

2 Start00 d0 d0 d0 $0

3 Unit 100 d0 d0 d0 $0

4 Design Unit 1020 d30 d40 d2 $0

5 Build Unit 1035 d40 d50 d2 $0

6 Test Unit 1020 d25 d35 d2 $0

7 Unit 200 d0 d0 d0 $0

8 Design Unit 2018 d28 d38 d2 $0

9 Build Unit 2035 d40 d45 d2 $0

10 Test Unit 2020 d25 d35 d2 $0

11 Integration00 d0 d0 d0 $0

12 Integrate Units 1 & 2030 d40 d55 d2 $0

13 Test System015 d25 d35 d2 $0

14 Finish00 d0 d0 d0 $0


The results from a simulation of the schedule with these risk ranges are shown below:
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Completion Probability Table

Prob Prob Date Date

0.05 2/10

0.10 2/15

0.15 2/17

0.20 2/18

0.25 2/22

0.30 2/23

0.35 2/24

0.40 2/25

0.45 2/28

0.50 3/1

0.55 3/2

0.60 3/3

0.65 3/4

0.70 3/7

0.75 3/9

0.80 3/11

0.85 3/14

0.90 3/17

0.95 3/21

1.00 4/5


These results show that it is extremely unlikely (< 5%) to achieve the goal of finishing by 2/7.  It also shows different dates that provide different levels of certainty.  If a 70% confidence level is desired, the date is a month later, 3/7.  This means that a contingency reserve of time should be one month (we have a 7-day calendar here, so it is 30 working days) to achieve a target that is only 30% likely to be overrun, given the schedule and the risk data shown above.
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